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Abstract

The steel pipe manufacturing industry deals with facilities and materials. Especially thermal facilities
are close to vapor cloud explosion (VCE) and may cause secondary damage to facilities because they
deal with corrosive substances such as hydrofluoric acid, sulfuric acid and acid, fire, explosion, leakage
etc. It is in danger. In this study, hazard identification method was conducted using HAZOP techniques
and quantitative risk analysis was conducted using e—CA, a program that supports accident impact
analysis. Equipment in the influence range of ERPG — 3 was determined to be a facility requiring
replacement. It was decided that neutralization is necessary using slaked lime. Based on the cost of
loss, We presented the proper replacement which is the timing of the dangerous facility. As a result, It
was 1deal to replace the facilities with 20 years of heat treatment facilities, one year of hydrofluoric
acid storage tank, 20 years of sulfuric acid storage tank, and 5 years of hydrochloric acid storage tank.
Keywords : HAZOP, Consequence Analysis, Business Continuity Management, Risk Assessment, Steel
pipe Industry, Cost—Benefit Analysis, Risk facilities
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Input/ Process of changing pipes and welding them by applying pressure
Welding after inputting raw materials
Heat . . . .
Process of removing residual stress by heating the pipe

Treatment

Chamfer Pracess of cleaning the pipe

Pickling Process for removing surface stress from a pipe

Process for verifying normal condition of welds through radiation
testing

Test/

Marking Checking the size and specification of a pipe

Packing/

Shipment Process for packing/Shipment a pipe

<Figure 1> Processes of pipe production
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<Table 1> Equipment description

Equipment Description
Welding equipment after making the
raw material of roll or plate type into
Welder . . .
the desired shape by using machine
equipment
Thermomech | Equipment to heat pipes at 1,050 C
anical using LNG
Pipe surface treatment such as
Acidification | hydrofluoric acid, sulfuric acid, acid,
equipment

2.2 91974 B7t 714

R ARIRE Fo - ARl 24
= =8 sletaly] Sla) fal - AB A
RE b be® Abue] Wms s 23

= 24 38 AdAdF7 e A=
AR H72 SRStk ol HFAdE )
71552 <Figure 2>% #t},

O

N
J_L/ jQ,
o T
o,
o,
N

%)

tart

@

‘ Preparation of Risk Assessment ‘

@

Hazard Identification

.

Risk Estimation

Risk Evaluation

Risk Control Action
&
Implementation

@I@

Noty Risk information
an the board

‘ Recording ‘ ‘

<Figure 2> Process Flow of risk assessment
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<Table 2> Criteria for selection of risk assessment techniques

Division HAZOP | What-if | Checklist ETA FTA
Business Initial project
. . [ [ [ o o
step Detail Design
General understanding of risk
Purpose analysis of the risks ) o o o o
Quantitative Analysis
Simple, Known
Complex, new techrdogy
Form of -
Control, interface o o o o o
Process
Batch processes,
operating procedures
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<Table 3> Comparison of leak criteria

Division ERPG AEGL TEEL
Sensiti
ensitive - Yes Yes
Individuals
Publishing |- 0 EPA SCAPA
Agency
A
1rborne. Below Above Above
Concentration
Health Effects| Without Could Could
Val
ames 145 131 3,387
Published
Release 10min, 30min,
1h 1h
Duration " | 1nhr, 4hr, 8hr "

3. 74

3.1 A4

= Aol ARAEe] Ta 28Rl AAE ¥
A, 59 AFRAEAD, 9 AFRAED, =9
AFRBA(FDE Arddes At 354
EASEE ARIEE SR X 7] A
Az A Addsglon AR wiA s
<Figure 4>$} #t}

EME|

S0 YA g
<Figure 4> The overall plot plan
3.1.1 E24H

ARG FHEFshE=s LNG, E4F 34k Ak
AR, B4 A2 <Table 4>9F 2t}

<Table 4> Equipments and operation conditions

Process Conditions
No. Equipment Vol Pressure Temperature Diameter Puddle
(m?) (MPa) () (mm) (m?)
1 Heating facility 83.2 ATM 1,050 - -
2 |Hydrofluoric Acid Tank 20 ATM AMB 2,560 70.2
3 Sulfuric Acid Tank 20 ATM AMB 2,560 70.2
4 |Hydrochloric Acid Tank 20 ATM AMB 2,560 70.2
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<Table 5> Process condition
Physicochemical H fluori i
ysicoc e-ml-ca LNG ydro -UOI’IC Sulfuric Acid Hydroc.hlorlc
characteristic Acid Acid
Mol | ight
lecutar wels 17.12~18.19 20.01 98.08 36.46
(g/mol™)
Boiling point (TC) —161.67~—-160.44 96 340 42
Flash point () —188 -36 10 -
Specific gravity 0.7890~0.7976 1.19 (at —457) 1.8 (at —457C) 1.174 (at —457C)
Auto ignition
. 540 — — _
temperature (TC)
. .. 15 — — _
Explosion limit (%) z
Vapor pressure (mmHg) 8.7kPa 68 (@26.77C) 10.13kPa(146C) 56.4
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<Figure 5> Floor plot plan for Heating System
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<Table 6> Effects of Over pressure

Over
Pressure Effects
kPa
1 Glass bursting power
2 10% damage on roof and window glass
3 Damaged structure
3.5-7 |Leak window, break some windows
5 Damaged construction of houses
7 Partial damage to housing (unrecoverable)
9 The structure is slightly damaged
15 Roof slightly damaged
15-20 |Breaking of nonconforming concrete wall
16 Structures severely damaged
18 About 50% damage of housing
20 Damage and separation of building structures
90—98 Damaged buildings and oil storage
tanks without support
30 Damaged factory building
35 Breaking a pillar of a tree
35-50 |[Breaking house
50 Overturned
S0—55 Brick wall of thickness 20 to 30 cm|
collapses
60 Breaking transport vehicle
70 Breaking building
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<Table 7> Results of HAZOP

o Risk ranking S
Node D C Csa. cmd.
q F |Csq.| R
H|#1-1 BMEntrance work
Pressure . . . .
— | #1-2 L B Gas leak HMRisk of fire explosion|lSoapy water testing 2 4 8 N/A
W
1|#1-3 © MInstall a pressure switch
T MInspection once a month
#2—1 [DischargellInternal damage |MRisk of exposure P
- . . M Transfer to wastewater 2 4 8 N/A
#2-2| Low |MFacility damage accident
1 treatment plant
T MInspection once a month
#3—1 [Discharge|lInternal damage |MRisk of exposure P
. . M Transfer to wastewater 2 4 8 N/A
#3—-2| Low |MFacility damage accident
2 treatment plant
T MInspection once a month
#4—1 DischargelInternal damage |MRisk of exposure P
- . . M Transfer to wastewater 2 4 8 N/A
#4—-2| Low |MFacility damage accident
3 treatment plant
— D: Deviation — F: Frequency
— C: Cause — Csq.: Consequence
Index .
— Csq.: Consequence — R: Ranking
— ES! Exiting Safeguard — Rcmd.: Recommendation
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<Table 8>°l YJERIALE.

<Table 8> Anticipated loss by each poal fire event

(unit:ten million won)

Air protection| machine Heating
Tank | Pump Fan i .o .
facility facility facility
Unit Cost 3 2 1 10 10 150
No. of equip. - - 3 - 4 1
Thermomechanical Time - - 3 - 40 150
Sum 193
No. of equip. 1 3 1 2 7 -
Hydro fluoric acid Time 3 6 1 20 70 -
Sum 100
No. of equip. 1 - - - - -
Sulfuric acid Time 3 - - - - -
Sum 3
No. of equip. 1 3 1 1 - -
Hydro chloric acid Time 3 6 1 10 - -
Sum 20
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